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DISCLAIMER 
 
 This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor any agency thereof, nor any of their 
employees makes any warranty, express or implied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed or represents that its use would not infringe on privately owned rights.  Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply endorsement, recommendation, or favoring by 
the United States Government or any agency thereof.  The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United States Government or any agency 
thereof. 
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ABSTRACT 
 

This project concerned the application of a catalytic combustion system that has been 
married to a micro-turbine device.  The catalytic combustion system decomposes the VOC’s and 
transmits these gases to the gas turbine.  The turbine has been altered to operate on very low-level 
BTU fuels equivalent to 1.5% methane in air.  The performance of the micro-turbine for VOC 
elimination has some flexibility with respect to operating conditions, and the system is adaptable to 
multiple industrial applications.  The VOC source that was been chosen for examination was the 
emissions from coal upgrading operations. 
 

The overall goal of the project was to examine the effectiveness of a catalytic combustion 
based system for elimination of VOCs while simultaneously producing electrical power for local 
consumption.  Project specific objectives included assessment of the feasibility for using a Flex-
Microturbine that generates power from natural gas while it consumes VOCs generated from site 
operations; development of an engineering plan for installation of the Flex-Microturbine system; 
operation of the micro-turbine through various changes in site and operation conditions; 
measurement of the VOC destruction quantitatively; and determination of the required 
improvements for further studies. 
 

The micro-turbine with the catalytic bed worked effectively to produce power on levels of 
fuel much lower than the original turbine design.  The ability of the device to add or subtract 
supplemental fuel to augment the amount of VOC’s in the inlet air flow made the device an 
effective replacement for a traditional flare.  Concerns about particulates in the inlet flow and the 
presence of high sulfur concentrations with the VOC mixtures was identified as a drawback with 
the current catalytic design.  A new microturbine design was developed based on this research that 
incorporates a thermal oxidizer in place of the catalytic bed for applications where particulates or 
contamination would limit the lifetime of the catalytic bed. 
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EXECUTIVE SUMMARY 
 

This project concerned the application of a catalytic combustion system that has been 
married to a micro-turbine device.  The catalytic combustion system decomposes the VOC’s and 
transmits these gases to the gas turbine.  The turbine has been altered to operate on very low-level 
BTU fuels equivalent to 1.5% methane in air.  The performance of the micro-turbine for VOC 
elimination has some flexibility with respect to operating conditions, and the system is adaptable to 
multiple industrial applications.  The VOC source that was been chosen for examination was the 
emissions from coal upgrading operations. 
 

The overall goal of the project was to examine the effectiveness of a catalytic combustion 
based system for elimination of VOCs while simultaneously producing electrical power for local 
consumption.  Project specific objectives included assessment of the feasibility for using a Flex-
Microturbine that generates power from natural gas while it consumes VOCs generated from site 
operations; development of an engineering plan for installation of the Flex-Microturbine system; 
operation of the micro-turbine through various changes in site and operation conditions; 
measurement of the VOC destruction quantitatively; and determination of the required 
improvements for further studies. 
 

The micro-turbine with the catalytic bed worked effectively to produce power on levels of 
fuel much lower than the original turbine design.  The ability of the device to add or subtract 
supplemental fuel to augment the amount of VOC’s in the inlet air flow made the device an 
effective replacement for a traditional flare.  Concerns about particulates in the inlet flow and the 
presence of high sulfur concentrations with the VOC mixtures was identified as a drawback with 
the current catalytic design.  A new microturbine design was developed based on this research that 
incorporates a thermal oxidizer in place of the catalytic bed for applications where particulates or 
contamination would limit the lifetime of the catalytic bed. 
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BACKGROUND 
 

This project concerned the application of a catalytic combustion system that has been 
married to a micro-turbine device.  The catalytic combustion system decomposes the VOC’s and 
transmits these gases to the gas turbine.  The turbine has been altered to operate on very low-
level BTU fuels equivalent to 1.5% methane in air.  The performance of the micro-turbine for 
VOC elimination has some flexibility with respect to operating conditions, and the system is 
adaptable to multiple industrial applications.  The VOC source that was been chosen for 
examination was the emissions from coal upgrading operations. 
 

OBJECTIVES 
 

The overall goal of the project was to examine the effectiveness of a catalytic combustion 
based system for elimination of VOCs while simultaneously producing electrical power for local 
consumption.  Project specific objectives included: 
 

• To measure current VOC levels and composition of emissions at the site; 
 

• To assess the feasibility for using a Flex-Microturbine that generates power from natural 
gas while it consumes VOCs generated from site operations; 

 

• To develop an engineering plan for installation of the Flex-Microturbine system; 
 

• To operate the micro-turbine for six months through various changes in site and operation 
conditions; 

 

• To measure VOC destruction quantitatively; and 
 

• To determine required improvements for further studies 
 

WORK PLAN 
 
Task 1 Analysis of the Volatile Organic Compounds 
 

The objective of this task was to determine the quantity and composition of VOC 
emissions from the coal upgrading process.  The principal activities consisted of sampling and 
analysis.  High levels of VOCs were captured by drawing air through a glass-sampling bottle and 
measurement was completed by gas chromatography. 
 
Task 2 Installation of the Micro-turbine 
 

The objective of this task was to place the micro-turbine at the site and complete the 
connections to all the support systems.  These systems included the exhaust ducting, the building 
power system, a natural gas line, and a control computer located inside.  The power produced by 
the micro-turbine was directed to support the electrical load of the building. 
 
Task 3 Operation of the Micro-turbine on Simulated Process Products 
 

The testing of the micro-turbine was planned around maximum usage periods to produce 
the most data and minimize natural gas usage.  During the tests, data was collected on 
performance, gas usage, and electrical power production for use in the next task. 
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Task 4 Data Analysis, Modeling, and Reporting 
 

The suitability match between the type and amount of the emissions and the micro-
turbine must be examined.  Projections to similar VOC situations will be investigated, with some 
modeling and extrapolation to allow extension to other applications.  Alternative hardware 
designs or configurations will be considered in the results.  In addition to the VOC reduction 
measurements, an analysis of the cost/benefit ratios will be completed for this application. 
 

RESULTS 
 

Upon reception of the authority to proceed with this project from the Wyoming Business 
Council, arrangements were made to ship the Flex Microturbine from Chicago to the WRI site.  
A building was cleared and a small control room constructed.  Application was made to 
PacifiCorp to arrange hookup of the microturbine to the electrical grid.  Computer access was 
run to the building and arrangements for natural gas hookup determined.  (Figure 1)  A large 
blower was moved into the building and placed near the turbine.  Exhaust dusting was run from 
the turbine to the blower and from the blower to the roof vent.  The blower was oversized so 
instead of a hard connection to the turbine exhaust, an open hood was placed around the turbine 
exhaust to allow the blower to extract additional room air with the exhaust.  This arrangement 
both balanced pressure in the ducting and added additional ventilation around the turbine in case 
of any leakage of fumes.  A natural gas line was run to the turbine that will provide fuel for 
startup and energy balance during VOC destruction operations.  Electrical connections were run 
to the turbine for power-up and to carry produced power to the grid. 
 

                                    
 

Figure 1 Catalytic Micro-turbine Installed at WRI 
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A representative from Flex Energy, our JSR cosponsor, flew to Laramie to help install the 
unit.  He worked with WRI staff to complete the controls and cabling for the microturbine. The 
controls require a computer and a programmable logic controller (PLC). (Figure 2) After 
installation was complete, initial tests of the unit were conducted using electrical power to heat 
the turbine internals and spin the turbine up to speed.  Tests with natural gas were completed to 
demonstrate 2 kW power production from the turbine to assess all systems.  We also 
demonstrated that the unit could be operated remotely through internet connection.  This remote 
operation ability will be used during training and maintenance to allow Flex staff to coordinate 
with WRI staff from their home base in California. 
 

            
 

Figure 2  Catalytic Micro-turbine Control Center 
 

The agreement from PacifiCorp to run connected to the grid took four months for 
approval.  With the agreement in place we were free to run the microturbine up to 10 to 15 kW 
capacity during VOC destruction operations. 
 

The shakedown of the catalytic microturbine was completed.  Testing to 13 kW was 
conducted on natural gas using injection of the flammable gas into the inlet airflow.  Plumbing 
was completed connecting bottles of carbon monoxide through a controller to the unit to begin 
simulating product gas from the coal upgrading facility. 
 

The micro-turbine was operated to just above 15 kW, which corresponded to 93,000 
rpms.  While the unit is rated to 100,000 rpms, there is an issue with excessive heat being 
generated in the catalytic bed.  Operating the unit conservatively at 15 kW prevented hot spots in 
the catalyst that could lead to degradation. 
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Testing of the microturbine was conducted with introduction of measured amounts of 
carbon monoxide into the inlet air to simulate waste gas expected from the coal upgrading 
process.  The test was completed in stages increasing the carbon monoxide in steps from 0.5% 
CO to 2% CO in the inlet air.  There will be a point where the concentration of flammable gas in 
the inlet air will reach the maximum amount before the bed overheats.  The testing was effective 
in that a large proportion of the carbon monoxide was oxidized, however there was percentage of 
CO that passed through the unit without conversion. While the gross amount of CO converted 
increased with increasing concentration added to the inlet air, the percentage of unconverted 
carbon monoxide remained nearly constant.  There was some question whether this is due to 
some bypass around the catalytic bed or insufficient residence time of the CO. 
 

CONCLUSIONS 
 

• The microturbine with the catalytic bed worked effectively to produce power on levels of 
fuel much lower than the original turbine design.  The ability of the device to add or 
subtract supplemental fuel to augment the amount of VOC’s in the inlet air flow made the 
device an effective replacement for a traditional flare. 

 
• Concerns about particulates in the inlet flow and the presence of high sulfur 

concentrations with the VOC mixtures was identified as a drawback with the current 
catalytic design. 

 
• A new microturbine design was developed based on this research that incorporates a 

thermal oxidizer in place of the catalytic bed for applications where particulates or 
contamination would limit the lifetime of the catalytic bed. (Figure 3) 

 

                                      
 

Figure 3  Revised Micro-turbine With Thermal Oxidizer 


